Abstract: This study examined whether the Program for the Education and Enrichment of Relational Skills (PEERS: Social skills for teenagers with developmental and autism spectrum disorders: The PEERS treatment manual, Routledge, New York, 2010a) affected neural function, via EEG asymmetry, in a randomized controlled trial of adolescents with Autism spectrum disorders (ASD) and a group of typically developing adolescents. Adolescents with ASD in PEERS shifted from right-hemisphere gamma-band EEG asymmetry before PEERS to left-hemisphere EEG asymmetry after PEERS, versus a waitlist ASD group. Left-hemisphere EEG asymmetry was associated with more social contacts and knowledge, and fewer symptoms of autism. Adolescents with ASD in PEERS no longer differed from typically developing adolescents in leftdominant EEG asymmetry at post-test. These findings are discussed via the Modifier Model of Autism (Mundy et al. in Res Pract Persons Severe Disabl 32(2):124, 2007), with emphasis on remediating isolation/withdrawal in ASD.
Introduction
Autism spectrum disorders (ASD) are a group of pervasive developmental disorders with effects on language, social functioning, and behavior (APA 2000) . Symptoms in ASD are not static, but may change form across developmental periods, with the transition to adolescence being one of the most dramatic (Anderson et al. 2011; Shea and Mesibov 2005; Thurm et al. 2011) . Most theorists agree that a neurological disturbance in activity and connectivity contributes to the social deficits in ASD (see Dawson 2008; Minshew and Keller 2010; Mundy 2003, and Neuhaus, et al. 2010 , for reviews). In addition, high rates of depression and withdrawal in ASD (Lopata et al. 2010; Stewart et al. 2006; Whitehouse et al. 2009 ) make it possible that increasingly severe manifestations of ASD are characterized by relatively greater right-frontal hemisphere neural activity and relatively less left-frontal hemisphere activity (Burnette et al. 2011; Moncrieff 2010) . However, it is still unknown whether these neural patterns can predictably be affected by experience or interventions for ASD in dynamic developmental periods. To our knowledge, no previous study has examined whether effective behavioral interventions for adolescents with ASD affect neural function. Within this manuscript, behavioral and cortical development in adolescence, the implications of neural asymmetry, and validated interventions for this developmental period are first reviewed. Then, the current study, which examines whether electrophysiological asymmetry in adolescents with ASD changes due to a Randomized Controlled Trial (RCT) of an empirically supported relationship-development intervention, is presented.
Behavioral and Cortical Development in Adolescence
Increased self-consciousness and importance of peer relationships are behavioral hallmarks of adolescence (Steinberg and Morris 2001) . The shift from reliance on sympathetic parents and adults to less-forgiving peers is particularly difficult for adolescents with ASD, whose social understanding and skills generally are not as developed as their peers without ASD (Tantam 2003) . Adolescents with ASD may be rejected, bullied, marginalized, and isolated (Symes and Humphrey 2010; Tse et al. 2007) , and they experience strong feelings of loneliness (Bauminger and Kasari 2000; Lasgaard et al. 2010; White and Roberson-Nay 2009; Whitehouse et al. 2009 ). Adolescents with high-functioning ASD may know that they are different, but not know why or how to change (Tantam 2003) . As a result, a significant number of adolescents with ASD are at-risk for a cascade of secondary psychopathology, including depression, anxiety, and suicidality (Eussen et al. 2012; Ghaziuddin and Zafar 2008; Stewart et al. 2006; Tantam 2003; White and Roberson-Nay 2009) .
At the same time, dramatic changes in neurophysiology occur in adolescence, which may reflect a critical experience-expectant period. Conventional wisdom has assumed that the bulk of important brain development occurred in infancy and toddlerhood. However, recent work in neuroimaging (see Blakemore 2008; Luciana 2010, and Marsh et al. 2008 , for reviews) has found a growth spurt of cortical gray matter, particularly in the frontal lobe, in late childhood (Giedd et al. 1999; Gogtay and Thompson 2010) . Gray matter then tends to decrease from puberty through adulthood, perhaps indicating continued pruning of synapses (Gogtay et al. 2004; Huttenlocher and de Courten 1987; Sowell et al. 1999 ). In addition, connective white matter tracts within and between the hemispheres continue to develop (Barnea-Goraly et al. 2005; Giedd et al. 1999; Gogtay et al. 2004; Paus 2010; Schmithorst and Yuan 2010) and myelinate in adolescence (Paus 2010; Yakovlev and Lecours 1967) .
These dramatic developments in neural structure and function may be affected by the social environment available at or before this developmental stage (Makinodan et al. 2012; Sheridan et al. 2012) . A multitude of studies have established that social isolation and loneliness are a significant determinant of physical health and longevity (Cacioppo and Hawkley 2009; Holt-Lunstad et al. 2010; Uchino et al. 1996) , and mental health in humans (see Hawkley and Cacioppo 2010; Heinrich and Gullone 2006, for reviews) . Interestingly, the experience of "social pain" activates the same neural circuits as physical pain (Kross et al. 2011) . Individuals that perceive themselves as isolated and lonely show weaker prefrontal and ventral striatal reward system responses to pleasant pictures of people, less activation in perspective-taking areas of temporo-parietal cortex , and more maladaptive cardiovascular responses to threatening or negative stimuli (Ong et al. 2012) . Research has also shown that children who experience isolation early in development show significantly smaller gray matter and white matter volumes as adolescents (Mehta et al. 2009) , and that isolation in post-weaned animals reduces myelination of white matter tracts (Makinodan et al. 2012) and reduces prefrontal cortical volume (Fone and Porkess 2008) . Although these studies of isolation do not perfectly mirror the An additional factor to consider, when examining links between social experiences and neural patterns, is that individual differences in the relative dominance of one hemisphere over the other have been linked to certain psychological styles (Tomarken et al. 1992) . Specifically, multiple studies (Davidson et al. 1990; Davidson 1998; Sutton and Davidson 1997) have found that individuals who exhibit higher relative left-hemisphere dominance are characterized as higher in approach motivation and positive affective style, and that this characteristic may be protective against stress in at-risk children (Lopez-Duran et al. 2012) . In contrast, individuals who exhibit higher relative right-hemisphere dominance are characterized by withdrawal, negative emotional style, and poorer outcomes (Fox et al. 2001; Miskovic et al. 2010; Mitchell and Pössel 2011; Smith and Bell 2010) . Although most studies have found these differences to pertain mainly to asymmetry of frontal cortical activity, two studies also found similar results at more temporal/central cortical locations (Davidson et al. 1990; Sutton and Davidson 1997) . These approach-orientation differences (Gray and McNaughton 2000) have been noted in infants (Fox 1991 (Fox , 1994 , children (Baving et al. 2002) , and adults (Sutton and Davidson 1997) .
In ASD, studies have shown a negative effect on skills/tasks lateralized to the left hemisphere (Dawson et al. 1982 (Dawson et al. , 1986 Dawson 1983; Dawson and Fernald 1987; Gunter et al. 2002; Rinehart et al. 2002; Sabbagh 1999; Shamay-Tsoory et al. 2010) ; and an unexpected right hemisphere advantage on certain tasks (Ashwin et al. 2005) . Neurologically, research has demonstrated decreases in activity (Dawson et al. 1995; Stroganova et al. 2007 ) and blood flow (Chiron et al. 1995) in the left hemisphere; significantly increased activity in the right frontal and temporal lobes, versus controls (Kleinhans et al. 2008 ); a lack of expected leftward structural asymmetry in gray and white matter, versus controls (Haznedar et al. 2006; Lo et al. 2011; Wan et al. 2012) ; and an abnormal enlargement of the right hemisphere (Herbert et al. 2005) , all perhaps suggesting hyper-activation of the right hemisphere and hypo-activation of the left hemisphere in ASD (Shamay-Tsoory et al. 2010 ). These differences have been noted more readily in areas of the brain where white matter mylenates later in development (Herbert et al. 2004 (Herbert et al. , 2005 , and have been linked to social skills and approach in ASD (Kylliäinen et al. 2012; Sutton et al. 2005) , suggesting a potential important impact of experience/environment on this progression of atypicality. Lastly, parents' retrospective reports of first concerns about autism were earlier in children with ASD with more rightdominant asymmetry versus children with ASD with a more leftdominant profile (Burnette et al. 2011) .
Given these findings, recent research and theory has begun to explore whether individual differences in asymmetry domains might be malleable due to experience (Boles et al. 2008; Güntürkün and Manns 2010; Steinmetz et al. 1995) , and have observed increases in leftfrontal asymmetry due to treatment or intervention (Davidson et al. 2003; Moscovitch et al. 2011) . However, to our knowledge, no study has addressed whether asymmetry in ASD is responsive to intervention, although research has noted that approach tendencies in infants and toddlers with ASD may moderate the effects of early behavioral intervention (Beglinger and Smith 2005; Sherer and Schreibman 2005) .
Behavioral Intervention for Adolescents with ASD
Given the numerous behavioral and neurophysiological challenges in adolescence in ASD, a number of social skills intervention programs have been designed for this age group (although most focus on somewhat younger children: see Reichow et al. 2013; White et al. 2007 , for a review). These programs report some success in teaching social skills (Cotter 1997 , as cited in White et al. 2007 ), emotion recognition (Barnhill et al. 2002; Solomon et al. 2004) , and perspective-taking (Ozonoff and Miller 1995) . However, the majority of programs report null findings for generalization and flexible use of the skills outside of the group, in the naturalistic setting (White et al. 2007 ).
One new social skills treatment directly addresses the problems with generalization of skills into naturalistic settings. The Program for the Education and Enrichment of Relational Skills (PEERS: Laugeson and Frankel 2010a, b) specifically targets friendships, relationship development, and remediation of isolation in adolescents with ASD. Social rules of adolescent etiquette are specifically targeted, and are based upon Children's Friendship Training (Frankel and Myatt 2003) , which has been shown to be effective in ASD (Frankel and Myatt 2007) . The first PEERS study found that adolescents who completed PEERS exhibited increased knowledge of how to make and keep friends, increased hosted get-togethers, better quality of friendships, and better overall social skills (Laugeson et al. 2009 ). Additionally, recent work has found that these treatment gains are maintained 14 weeks later (Laugeson et al. 2012) . Thus, it appears that this promising program does show evidence of ameliorating both the isolation and social skills deficits inherent in ASD in adolescence.
Summary
Designing studies that can measure neurological change in response to therapy has come to the forefront as an important goal for psychological science, in general (Banaschewski and Brandeis 2007; Davidson 2012; Davidson and McEwen 2012; Gabbard 2000) , and autism research, specifically (McPartland and Pelphrey 2012) . Two published studies (Bolte et al. 2006; Faja et al. 2012) have measured short-term brain activity changes after adults with autism completed social training programs. Even though these interventions were brief and conducted with adults, the studies found that brain activity changed in response to the social training. A recent study found increased EEG activity to faces in a group of young children with autism who had been enrolled in early, intensive intervention (Dawson et al. 2012) . Another study found increased efficiency of brainstem responses to sound after children with ASD completed an auditory intervention (Russo et al. 2010) . Lastly, a correlational study found that white matter integrity in children with autism was linked with onset and duration of early intervention (Pardini et al. 2012) . Thus, the idea that intervention may affect neurophysiology and electrophysiology has been borne out in adults and children with ASD.
Importantly, however, research has not addressed this question during adolescence in ASD, a period of neural plasticity (Greenough and Black 1992; Black et al. 1998) , whereupon adult "wiring" and capabilities are established (for a review, see Marsh et al. 2008; Nelson 2000) . Recent work has also emphasized the importance of addressing loneliness and social support in at-risk populations, and the potential effects remediating these domains could have on neural function (Davidson and McEwen 2012; Uchino et al. 1996) . However, to date, no social skills or friendship development program targeting adolescents with ASD has assessed whether effects on the brain are apparent in adolescents who show positive behavioral responses to the intervention, or whose social environments are enriched as a result of the intervention. Therefore, the current study examined whether remediation of friendship skills and social isolation, via an empirically-supported, Randomized Controlled Trial (RCT), relationship-development intervention (PEERS: Laugeson et al. 2009 Laugeson et al. , 2012 , affected neural activity in adolescents with ASD. The central hypothesis of this study examined whether a shift to left-hemisphere dominant EEG spectral asymmetry would be evident in adolescents with autism who experienced social benefit from the PEERS intervention. The first and primary aim of this study was to examine whether neural asymmetry would differentially change in adolescents with ASD who participated in an RCT of the PEERS relationship-development program. The second aim of this study was to examine relations between asymmetry and social approach behavior: specifically, whether neural asymmetry was related to symptoms of autism, amount of social contacts, or acquisition of intervention concepts by the adolescents with ASD. The third and final aim was to examine neural asymmetry in context: to compare neural asymmetry in adolescents with ASD who did and did not complete PEERS to neural asymmetry in a sample of healthy, typically developing adolescents without ASD.
Method

Participants
A total of 110 families were recruited for this longitudinal, randomized controlled trial (RCT) study (see Fig. 1 ). Participants were recruited from local intervention agencies, autism support groups, an in-house waiting list for PEERS treatment, and community advertisements over a period of 2 years. Prior to the first appointment, families of adolescents with ASD were randomly assigned to either the Experimental (EXP; n = 41) or Waitlist Control (WL; n = 38) group. EXP families completed the first appointment and entered a PEERS group immediately, after which they completed a follow-up appointment. WL families completed the first appointment, did not enter PEERS, and completed a follow-up appointment approximately 13 weeks later. WL families then entered the next available PEERS group, no more than 14 weeks later. PEERS group sizes were maintained at 10 or fewer adolescents, and consisted entirely of either EXP or WL families (i.e., EXP families did not participate in intervention groups containing WL families). PEERS was provided to families of adolescents with ASD free of charge in either a fall (August-December) or spring (January-May) session. Adolescents recruited for inclusion as part of the typically developing (TYP; n = 31) comparison group were seen on only one occasion and were not provided with PEERS treatment. Inclusion criteria for adolescents with ASD consisted of the following: (a) adolescent was between 11 years of age and 16 years of age at intake, (b) adolescent had both verbal and full scale IQ of 70 or greater on the Kaufman Brief Intelligence Test Second Edition (KBIT-2: Kaufman and Kaufman 2005) , (c) adolescent and caregiver spoke English fluently, (d) adolescent did not have neural, physical, hearing, or visual impairment that prohibited participation in a class setting, (e) adolescent did not have comorbid bipolar disorder or schizophrenia, (f) adolescent was enrolled in middle or high school, or adolescent was home-schooled but had weekly peer contact outside of family, (g) adolescent met autism or autism spectrum diagnosis on Module 3 or 4 of the Autism Diagnostic Observation Schedule-Generic (ADOS-G: Lord et al. 1999 ), (h) adolescent indicated interest in learning how to make friends, and (i) family attended at least 12 out of the 14 PEERS sessions. Inclusion criteria for typically developing adolescents (TYP) included a-f, as well as (1) scoring under 13 on the Autism Spectrum Screening Questionnaire (ASSQ: Ehlers et al. 1999) , and (2) scoring accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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under a t score of 65 on all scales of the Child Behavior Checklist (CBCL: Achenbach and Rescorla 2001) . Of the 110 families recruited, 14 did not continue participation following assessment of eligibility at the first intake appointment. Specifically, 5 families withdrew at intake, 7 adolescents did not meet IQ criteria, 1 adolescent did not meet CBCL criteria, and 1 adolescent was not interested in learning how to make friends. 5 additional families withdrew from the study over the course of the intervention/waiting period, and follow-up data on 4 subjects was lost due to technical difficulties (see Fig. 1 ).
The final sample included 87 adolescents, relatively evenly distributed among the WL ASD (n = 29), EXP ASD (n = 28), and TYP (n = 30) groups. Racial backgrounds included 93.1 % Caucasian, 3.4 % African-American, 1.1 % Asian-American, 1.1 % biracial and 1.1 % unspecified. 83.9 % of participants were male, and 81.6 % were right handed. The average participant age was 13.6 years (SD = 1.5). All subjects demonstrated an IQ of 70 or higher, with an average IQ of 103 (SD = 15.1) as assessed on the KBIT-2. Confirmatory diagnostic evaluation of adolescents with ASD on the ADOS-G indicated a mean communication score of 3.47 (SD = 1.58), social score of 7.60 (SD = 2.09), and total score of 11.05 (SD = 3.31). With regard to concurrent pharmacological intervention, all adolescents in the TYP group were un-medicated. Of those in the WL ASD and EXP ASD groups, 31.58 % of participants were un-medicated during experimentation, 28.07 % were receiving one medication, 22.81 % two medications, 15.79 % three or more medications, and 1.75 % declined to report medication status. Among subjects receiving medications, 65.79 % were receiving antidepressants, 57.89 % stimulant medications, 15.79 % atypical antipsychotics, 13.16 % alpha-2a receptor agonists, 10.53 % mood stabilizers, 10.53 % selective norepinephrine reuptake inhibitors, and 26.32 % other medications. No adolescents received additional psychological therapies for anxiety or depression at or between the research collection sessions. See Table 1 for data on parental age, education, and income. No significant differences on demographic variables were noted between the EXP, WL, and TYP groups. Unreported 0 0 0 EXP = Experimental ASD group, WL = waitlist control ASD group, TYP = typically developing group, M = mean, SD = standard deviation, IQ = Kaufman brief intelligence scale full-scale score, ADOS = autism diagnostic observation schedulegeneric accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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Procedure
Families who expressed interest in the study by calling a number or writing to an email address, provided with an informational letter, were contacted by phone or email. Phone screening consisted of adolescent age confirmation, previous ASD (if any) and other diagnostic history, school history, initial assessment of the parent's understanding of the adolescent's motivation to participate (ASD only), English language criteria, and ability to attend weekly PEERS sessions (ASD only). If these criteria were met, a laboratory intake appointment was made. At this visit, written informed consent and assent were obtained, adolescent interest in learning how to make friends was confirmed via a structured interview with the adolescent (ASD only; Mental Status Checklist: Laugeson and Frankel 2010b) , adolescent language skill, ASD diagnosis (if any), and IQ were confirmed, and research measures completed (see "Measures"). A $30 incentive was given to adolescents upon PEERS completion or at conclusion of the intake visit, or if the adolescent was tested as part of the TYP group. Adolescents and families who did not meet study acceptance criteria were provided with compensation of $30 to thank them for their time. Typically developing adolescents completed measures in one laboratory appointment and were not followed over time.
Measures Screening and Intake
At the intake visit, caregivers were asked to complete a demographic questionnaire and a questionnaire concerning their adolescent's health and medication status. Adolescents with ASD were interviewed and an interest in learning how to make and keep friends was confirmed (Mental Status Checklist, Laugeson & Frankel, 2010b) . Diagnoses of adolescents with ASD were confirmed using the Autism Diagnostic Observation Schedule Modules 3 and 4 (ADOS-G: Lord et al. 1999) . Typically developing adolescents were screened using the ASSQ (Ehlers et al. 1999 ) and the CBCL (Achenbach and Rescorla 2001) , completed by a caregiver. Adolescents' cognitive abilities were accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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14 assessed via the Kaufman Brief Intelligence Test-Second Edition (Kaufman and Kaufman 2005) .
Questionnaires
Questionnaire measures were utilized to index behavioral change in adolescent autism symptoms, social contacts, and PEERS knowledge concepts. Caregivers completed the Social Responsiveness Scale (SRS: Constantino 2005) , which provides global and specific ratings of characteristics of autism. The SRS yields a Total score where a higher score indicates more impairment or more symptoms of autism. The SRS has good established internal validity and reliability (Constantino et al. 2003) . In addition, Cronbach's alpha reliability, computed from data in this study, was .84 for the Total score. Caregivers also completed the Quality of Socialization QuestionnaireRevised (QSQ-R: Laugeson et al. 2012 ). This caregiver-completed questionnaire measures number and quality of the adolescent's gettogethers with peers. Two items from the QSQ-R were used for the current study: (1) the number of peer get-togethers the adolescent had initiated and participated in over the prior month, and (2) the number of peer get-togethers the adolescent had been invited to and participated in over the prior month. These two items were summed to create a new variable indicative of total social contact the adolescent had experienced over the last month, QSQ-R Contact. Lastly, adolescents completed the Test of Adolescent Social Skills Knowledge (TASSK: Laugeson et al. 2012) . The TASSK was developed to measure acquisition and maintenance of the concepts and skills taught in PEERS. Twenty-two items covering all sessions were presented in a multiple choice and true/false format. A Total score reflecting knowledge of PEERS concepts was calculated. Thus, scores on the TASSK at pre-test reflected a baseline measurement of adolescents' social skills and knowledge. Given the range of topics and lack of subscales on this questionnaire, Cronbach's reliability alpha was not computed for the TASSK.
Electroencephalogram Session
Caregivers and adolescents were then escorted to the electroencephalogram laboratory and the adolescent was asked to sit in a comfortable chair facing a 19-inch computer monitor located and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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approximately three feet away. The caregiver was seated in an adjoining room, out of the adolescent's line of vision. An appropriately sized 64-channel electrode net (Electrical Geodesics, Inc., Eugene, OR) was then positioned according to standard procedures on the adolescent's head, and adjusted so that all impedances were at or below 40 kOhm. Continuous resting EEG was amplified and sampled at 1,000 Hz, using a Netamps 300 (Electrical Geodesics, Inc., Eugene, OR) for a total of 3 min. During the recording session, the adolescent was asked to focus on a fixation point displayed on a black computer background. Adolescents were monitored for alertness and attention to the fixation point, and were videotaped during EEG collection to provide a record of potential movement artifact. Laugeson and Frankel 2010a, b; Laugeson et al. 2009 Laugeson et al. , 2012 PEERS is a short-term, outpatient, empirically supported, manualized intervention that was designed to address the development and maintenance of friendships in adolescents with ASD (see Laugeson et al. 2012 , for details). The first author was certified in providing PEERS, and trained graduate students in a clinical psychology Ph.D. program to assist with and co-lead the PEERS adolescent and caregiver groups. Undergraduate students served as coaches/assistants for the PEERS groups. All adolescent group leaders had at least a Master's degree in psychology and had extensive experience in ASD.
ASD Intervention (Program for the Education and Enrichment of Relational Skills, PEERS:
The PEERS intervention consists of 14, weekly, 1.5 h-long, small group sessions (Laugeson et al. 2012 ) (see Table 2 ). Parent groups are conducted separately but concurrently with adolescent groups so that parents support skill practice and maintenance outside of the group. Five overarching areas are addressed by the intervention: (1) developing conversation skills, (2) expanding social networks, (3) learning peer etiquette and addressing a negative reputation, (4) increasing get-togethers, and (5) handling bullying, teasing, and conflicts with peers (see Table 2 ). Each week, the previous week's topic/skills are reviewed and experiences with homework discussed. Then, the new skill/topic/didactic is introduced and its relevance for and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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adolescents with ASD is concretely explained. Group leaders then perform role-plays and adolescents rehearse the skill/topic. Feedback is given, and homework is then assigned. Fidelity checks and procedures were conducted for all sessions and for all groups, via undergraduate coaches following the manual during the session and ensuring no topics were missed. The final, 14th session consisted of a brief, final didactic review, a graduation ceremony, and a party for the adolescents and their families, where prizes were distributed to the adolescents. 
Outtake Session
The outtake session was completed just prior to the 14th PEERS session, for the EXP group, and approximately 14 weeks after intake for the WL group. ASD participants returned to the lab and repeated many of the same measures as at intake, including the SRS, QSQ-R, and TASSK questionnaires and the EEG session, conducted in the same manner as at intake. However, the ADOS, the Kaufman Brief Intelligence Test, the interview measure of teen interest, and the demographics and health/medications questionnaires were not repeated at the outtake.
EEG Data Analysis
Recorded EEG data was filtered from 0.3 to 100 Hz and exported from NetStation (Electrical Geodesics, Inc.: Eugene, OR) software, and custom MATLAB scripts (2012a, The MathWorks, Natick, MA) using EEGLAB functions (Delorme and Makeig 2004) , were used for the remaining off-line analysis of the data. EEG data were rereferenced to a common average reference, which included the reference electrode. Low frequency noise and power line noise were band-pass filtered from 2 to 100 Hz and notch filtered from 59 to 61 Hz using an 8th order, Butterworth, zero-phase filter, respectively. Data were then epoched into one second periods and those with large movement artifact were autorejected using the pop_autorej function (EEGLAB). In order to correct for additional artifacts, remaining epoched data were decomposed using an adaptive mixture independent component analysis (AMICA) ( Palmer et al. 2008 ) and artifact components identified using ADJUST (Mognon et al. 2010 ) and visual inspection. Remaining data were used to calculate the average power spectral density using Welch's method (1024pt segments, 50 % overlap) for each electrode. Additionally, spectral powers were calculated for the delta (0-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz), and gamma (30-50 Hz) bands by calculating the area under the average spectrums. Power values were averaged across all electrodes for the left-and right-hemispheres, separately (see Fig. 2 ), within their respective frequency bands. Data were then natural-logarithm transformed to correct for violations of normality inherent in spectral power values. Asymmetry scores, for each band, at PRE and POST, were computed by subtracting the natural log power in the left-hemisphere from the right (Right ln power-Left ln power). Thus, positive asymmetry scores indicate relatively more righthemisphere activity, whereas negative asymmetry scores indicate relatively more left-hemisphere activity. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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Data Analytic Plan
The first aim of this study was to examine whether spectral power asymmetry estimates changed differentially over time based on whether PEERS treatment was or was not received in the randomized controlled trial. To address this aim, a 2 × 2 × 5 mixed model, repeated measures ANOVA was conducted. The between subjects variable, treatment group (GROUP), had two levels: experimental (EXP) and waitlist control (WL). The first within-subjects variable, time (TIME), had two levels: pre-test (PRE) and post-test (POST). The second within-subjects variable, frequency band (BAND), had five levels: delta, theta, alpha, beta, and gamma. The dependent variable was the natural logarithm of EEG spectral power asymmetry. The second aim of this study was to explore whether neural asymmetry was related to social behavior and knowledge as rated by parents and adolescents. First, three 2 × 2 mixed model, repeated measures ANOVAs were separately conducted, one for the caregiver-rated measure of autism symptoms, the SRS Total score, one for the caregiver-rated measure of adolescent social contact, the QSQ-R Contact score, and one for the adolescent-rated measure of PEERS knowledge, the TASSK. The between subjects variable, treatment group (GROUP), had two levels: experimental (EXP) and waitlist control (WL). The within-subjects variable, time (TIME), had two levels: pre-test (PRE) and post-test (POST). The dependent variable for each was the summary total score on the measure. Second, bivariate correlations for the Post-test EEG asymmetry and behavioral measures were calculated. The third aim of this study was to compare EEG asymmetry values between the two groups of adolescents with ASD and a comparison group of healthy adolescents who did not have ASD. Of particular interest was whether EEG asymmetry data from the EXP group was more similar to the WL group or the TYP group at pretest as compared to post-test. To address this aim, two 3 × 5 mixed model, repeated measures ANOVAs were conducted. The first ANOVA between subjects variable, treatment group (GROUP), had three levels: experimental at pre-test (EXP), waitlist control at pre-test (WL), and typically developing (TYP). The second within-subjects variable, frequency band (BAND), had five levels: delta, theta, alpha, beta, and gamma. The second ANOVA was similar, except that the between subjects variable, treatment group (GROUP), had three levels accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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consisting of: experimental at post-test (EXP), waitlist control at posttest (WL), and typically developing (TYP). The dependent variable for both analyses was the natural logarithm of EEG spectral power asymmetry. Unless otherwise noted, all statistical tests were analyzed at p < .05 in SPSS 19.0 (IBM 2011).
Results
Data Screening
Descriptive statistics for spectral power asymmetry values at pre-and post-test (if applicable) for the EXP, WL, and TYP groups are presented in Table 3 . Examination of distributions, separately by group, time, and in total, revealed no significant underlying problems with the assumptions of normality, homogeneity of variance, or outlying values in all measures, except for the QSQ-R. For this measure, five significant outliers were noted over the pre-and posttest QSQ-R Contact scores. These values were replaced with the next most extreme value in the distribution (Winsorization: Howell 2012). Violations of sphericity, and corrections applied, are noted below within each analysis. Lastly, a series of exploratory analyses were conducted to determine whether gender, left-handedness, or medication use unduly influenced results. Analyses (a) with and without female adolescents, (b) with and without left-handed adolescents, and (c) controlling for medication use, did not show any significant differences in results. Therefore, females and left-handed adolescents were retained, and medication use was not considered further, in order to preserve power. 
Aim 1: Changes in Neural Asymmetry in ASD
The assumption of sphericity was violated for within-subjects factor BAND, Mauchley's W (9) = .07, p < .05, ε = .43, and BAND by TIME, Mauchley's W (9) = .08, p < .05, ε = .59. Therefore, all withinsubjects values cited are Hyunh-Feldt corrected. The main effect for the between subjects variable, GROUP, was not significant, F (1, 55) = 1.30, p = .26; ns. The main effect for the within subjects variable, TIME, was not significant, F (1, 55) = .76, p = .39; ns. The main effect for the within subjects variable, BAND, was significant, F (1.72, 94.74) = 35.26, p < .05, partial η 2 = .39, observed power = 1.0. The TIME by BAND interaction was significant, F (2.34, 128.93) = 2.99, p < .05, partial η 2 = .05, observed power = .62. The interaction GROUP by TIME was not significant, F (1, 55) = .13, p = .72; ns. However, the interaction GROUP by TIME by BAND was significant, F (4, 220) = 4.01, p < .05; partial η 2 = .07, observed power = .91.
Given these results, post hoc tests were conducted on the GROUP by TIME by BAND interaction. A Bonferroni corrected alpha level of .01 was used to adjust for multiple comparisons. Analysis of simple interaction effects, splitting the file by BAND, revealed that the three-way interaction of GROUP x TIME x BAND was not driven by the delta, theta, alpha, or beta bands (no significant main or interaction effects in these bands). However, significant effects emerged in the gamma band. Specifically, there was a significant GROUP x TIME effect in gamma asymmetry, F (1, 220) = 7.68, p < .01. Follow-up paired t tests, with a Bonferroni corrected alpha level of .025, indicated that the EXP group significantly increased in left-dominant gamma asymmetry over time, t (27) = 2.55, p < .025 (PRE mean = −.49, and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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POST mean = −.85), whereas the WL group did not change in leftdominant gamma asymmetry over time, t (28) = −.23, p = .82, ns (PRE mean = −.52, POST mean = −.48). Thus, these results suggest that the group that received PEERS showed relatively more lefthemisphere-dominant shift in gamma activity, whereas the group that did not receive PEERS did not show any changes in gamma asymmetry over the same time period.
Aim 2: Relations Between Neural Asymmetry and Social Behavioral Change in ASD Social Responsiveness Scale
The main effect for the between subjects variable, GROUP, was significant, F (1, 52) = 5.13, p < .05; partial η 2 = .09, observed power = .60. The main effect for the within subjects variable, TIME, was significant, F (1, 52) = 42.42, p < .05; partial η 2 = .45, observed power = 1.0. However, both of these effects were qualified by a significant interaction between TIME and GROUP, F (1, 52) = 11.88, p < .05; partial η 2 = .19, observed power = .92. Post hoc paired t tests, with a Bonferroni corrected alpha level of .025, splitting the file by GROUP, revealed that EXP SRS scores significantly decreased over time, t (25) = 5.76, p < .025, PRE mean = 103.81, POST mean = 80.85. SRS scores in the WL group also decreased significantly over time, t (27) = 2.88, p < .025, although the difference was smaller, PRE mean = 108.11, POST mean = 101.04. Thus, these results suggest that the ASD group that received PEERS showed a larger decrease in symptoms of autism as rated by their caregivers on the SRS over time, as compared to the waitlist control ASD group.
Quality of Socialization Questionnaire-Revised
The main effect for the between subjects variable, GROUP, was significant, F (1, 52) = 4.62, p < .05; partial η 2 = .08, observed power = .56. The main effect for the within subjects variable, TIME, was significant, F (1, 52) = 9.81, p < .05; partial η 2 = .16, observed power = .87. However, both of these were qualified by a significant interaction between TIME and GROUP, F (1, 52) = 26.60, p < .05;
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partial η 2 = .34, observed power = 1.0. Post hoc paired t tests, with a Bonferroni corrected alpha level of .025, splitting the file by GROUP, revealed that EXP QSQ-R Contact scores significantly increased over time, t (26) = −5.90, p < .025, PRE mean = 1.03, POST mean = 4.37. In contrast, QSQ-R Contact scores in the WL group did not significantly change over time, t (26) = 1.42, p = .17, ns, PRE mean = 1.96, POST mean = 1.15. Thus, these results suggest that the ASD group that received PEERS showed an increase in social contacts via hosted and invited get-togethers over time, whereas the ASD group that did not receive PEERS did not show a change in reported social contacts over time.
Test of Adolescent Social Skills Knowledge
The main effect for the between subjects variable, GROUP, was significant, F (1, 55) = 26.93, p < .05; partial η 2 = .33, observed power = .99. The main effect for the within subjects variable, TIME, was significant, F (1, 55) = 175.86, p < .05; partial η 2 = .76, observed power = 1.0. However, both of these were qualified by a significant interaction between TIME and GROUP, F (1, 55) = 126.33, p < .05; partial η 2 = .70, observed power = 1.0. Post hoc paired t tests, with a Bonferroni corrected alpha level of .025, splitting the file by GROUP, revealed that EXP TASSK scores significantly increased over time, t (27) = −15.62, p < .025, PRE mean = 13.1, POST mean = 21.46. In contrast, TASSK scores in the WL group did not change over time, t (28) = −1.61, p = .12, ns, PRE mean = 13.45, POST mean = 14.14. Thus, these results suggest that the ASD group that received PEERS showed an increase in knowledge of PEERS concepts, whereas the ASD group that did not receive PEERS did not show a change in knowledge of PEERS concepts over time.
EEG and Behavioral Measures Correlations
Measures were selected for inclusion in correlational analyses based on outcomes from Aim 1, in order to preserve power. There was a significant negative association between gamma asymmetry values and TASSK scores, rs (57) = −.22, p < .051-tailed. Higher TASSK scores were related to lower gamma asymmetry values (i.e., more dominant left hemisphere asymmetry). There was also a significant negative correlation between gamma asymmetry and QSQ-R Contact scores, rs and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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(54) = −.22, p < .051-tailed. Higher QSQ-R Contact scores were related to lower gamma asymmetry values (i.e., more dominant left hemisphere asymmetry). There was also a significant positive correlation between left-dominant asymmetry and the SRS Total score, rs (54) = .24, p < .051-tailed. Lower SRS scores (i.e., fewer symptoms of autism) were related to lower gamma asymmetry values (i.e., more dominant left hemisphere asymmetry). Therefore, adolescents with ASD who showed (1) greater PEERS knowledge, (2) more social contacts, and (3) fewer autism symptoms at post-test, also showed a greater degree of relative left-hemisphere dominant EEG activity in the gamma band.
Aim 3: EEG Asymmetry Comparisons Between Adolescents with ASD and Typically Developing Adolescents
The first analysis compared EEG asymmetry in the ASD groups prior to intervention to the typically developing control group. The assumption of sphericity was violated for within-subjects factor BAND, Mauchley's W (9) = .10, p < .05, ε = .47. Therefore, all withinsubjects values cited are Hyunh-Feldt corrected. The main effect for the between subjects variable, GROUP, was significant, F (2, 84) = 4.28, p < .05, partial η 2 = .09, observed power = .73. The main effect for the within subjects variable, BAND, was significant, F (1.86, 156.17) = 71.44, p < .05, partial η 2 = .46, observed power = 1.0. The GROUP by BAND interaction was significant, F (3.72, 156.17) = 6.05, p < .05, partial η 2 = .13, observed power = .98. Given these results, post hoc tests were conducted on the GROUP by BAND interaction. A Bonferroni corrected alpha level of .01 was used to adjust for multiple comparisons. Analysis of simple main effects, utilizing five separate one-way ANOVAs (splitting the file by BAND), revealed that the interaction of GROUP x BAND was not driven by group asymmetry differences at pre-test in the delta, theta, or alpha bands (no significant group differences in these bands). However, significant group differences at pre-test emerged in the beta, F (2, 156.17) = 6.15, p < .01, and gamma bands, F (2, 156.17) = 7.66, p < .01. Follow-up Tukey tests indicated that although the EXP and WL groups did not differ from each other, both the EXP and WL groups had significantly lower left-dominant beta asymmetry at pre-test than the TYP group (EXP PRE mean = −.64, WL PRE mean = −.68, TYP mean = −1.31). Similarly, although the EXP and WL groups did not differ from each other, both the EXP and WL groups had significantly lower left-dominant gamma asymmetry at pre-test than the TYP group (EXP PRE mean = −.49, WL PRE mean = −.52, TYP mean = −1.23). Thus, these results suggest that, prior to PEERS, both ASD groups had neural asymmetry patterns that were characterized by less leftdominant asymmetry in beta and gamma bands versus a typically developing group of adolescents (see Fig. 3 ). The second analysis compared the ASD groups at post-test to the typically developing group. The assumption of sphericity was accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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violated for within-subjects factor BAND, Mauchley's W (9) = .11, p < .05, ε = .49. Therefore, all within-subjects values cited are HyunhFeldt corrected. The main effect for the between subjects variable, GROUP, was significant, F (2, 84) = 3.52, p < .05, partial η 2 = .08, observed power = .64. The main effect for the within subjects variable, BAND, was significant, F (1.96, 164.43) = 75.24, p < .05, partial η 2 = .47, observed power = 1.0. The GROUP by BAND interaction was significant, F (3.92, 164.43) = 4.48, p < .05, partial η 2 = .10, observed power = .93. Given these results, post hoc tests were conducted on the GROUP by BAND interaction. A Bonferroni corrected alpha level of .01 was used to adjust for multiple comparisons. Analysis of simple main effects, utilizing five separate one-way ANOVAs (splitting the file by BAND), revealed that the interaction of GROUP x BAND was not driven by group asymmetry differences at post-test in the delta, theta, alpha, or beta bands (no significant group differences in these bands). However, significant group differences at post-test emerged in the gamma band, F (2, 164.43) = 5.30, p < .01. Follow-up Tukey tests indicated that the EXP and TYP groups did not significantly differ from each other in gamma asymmetry at post-test; however, the WL group continued to have significantly lower left-dominant gamma asymmetry at post-test than the TYP group (EXP POST mean = −.85, WL POST mean = −.48, TYP mean = −1.23). Thus, these results suggest that the ASD group that completed PEERS had neural asymmetry patterns that were characterized by more left-dominant asymmetry in gamma bands, not significantly different from a typically developing group of adolescents. In contrast, the ASD group who did not complete PEERS continued to have significantly less left-dominant gamma EEG asymmetry at posttest versus a group of typically developing adolescents (see Fig. 4) . 
Discussion
Recently, researchers have begun placing more emphasis on developing and assessing "neurally inspired behavioral therapies" (Davidson 2012, p. 153) . The first aim of this study was to investigate whether neural asymmetry would differentially change in adolescents with ASD who participated in a randomized controlled trial of the PEERS relationship-development intervention. Results indicated that adolescents with ASD who completed the PEERS intervention showed a shift from right-hemisphere dominant EEG activity before PEERS to a left-hemisphere dominant pattern of EEG activity after PEERS was completed. In comparison, adolescents with ASD in the waitlist control group did not show this change in hemispheric dominance over time. The shift in the experimental group was noted as occurring specifically in the gamma (30-50 Hz) band. To our knowledge, this is the first study demonstrating that social-behavioral intervention is associated with changes in neural activity in adolescents with ASD.
The second aim of this study was to examine relations between asymmetry and social approach behavior or social knowledge: specifically, whether neural asymmetry was related to symptoms of autism, amount of social contacts, or acquisition of intervention concepts by the adolescents with ASD. First, this study found the following changes in social-behavioral measures specific to the experimental group who completed PEERS: (1) a decrease in parentrated symptoms of autism, (2) an increase in the number of social contacts, via get-togethers with other adolescents, and (3) an increase in social skills knowledge and concepts targeted by the PEERS intervention. Therefore, behaviorally, the adolescents in this study responded similarly to prior published work on PEERS (Laugeson et al. 2009 (Laugeson et al. , 2012 , providing a partial independent replication of the efficacy of the intervention. Importantly, social-behavior, as rated by parents, was significantly related to the degree of left-hemisphere EEG dominance. Specifically, adolescents with ASD who showed a greater left-hemisphere gamma dominance pattern at post-test also showed fewer parent-rated symptoms of autism. Secondly, adolescents who showed greater left-hemisphere gamma dominance at post-test also showed more knowledge of PEERS concepts. Lastly, adolescents who showed greater left-hemisphere gamma dominance at post-test also reported more social contacts, via both initiated and invited gettogethers with other adolescents. Thus, it appears that social behavior, understanding, and exposure were related to the degree of leftdominant pattern of hemispheric asymmetry in adolescents with ASD post-intervention.
The third aim was designed primarily to put the findings on gamma asymmetry in context. To our knowledge, no prior study has examined gamma asymmetry in typically developing adolescents, and so this aim was designed to compare EEG asymmetry in the groups of adolescents with ASD to a group of typically developing adolescents. Of particular interest was whether these comparisons would change accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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based on the provision on PEERS treatment to the experimental group of adolescents with ASD. First, adolescents with ASD did not differ from each other at pre-test, but both showed significantly less relative left-dominant neural asymmetry in high-frequency EEG bands as compared to adolescents without ASD. In other words, it appears that adolescents without ASD can be characterized by a pattern of relatively more activation in high-frequency bands in the left hemisphere, whereas adolescents with ASD, prior to PEERS intervention, show less activation in these indices. However, these patterns change when comparing the adolescents with ASD at posttest to typically developing adolescents, when one group had received the PEERS intervention. In this analysis, follow-up tests indicated that the significant interaction was due to the group of adolescents with ASD, who did not receive PEERS, still showing less dominant lefthemisphere activity in the high-frequency gamma band versus typically developing adolescents. In contrast, the group of adolescents who received PEERS no longer significantly differed from the typically developing adolescents in this index. In essence, after intervention, the degree of left-dominant neural activation in adolescents with ASD approximated that of the adolescents without ASD. It may be presumptuous to describe this as a "normalization" of left-dominant asymmetry, especially given that the degree of asymmetry in the experimental-group of adolescents with ASD was still descriptively less (although not significantly less) than that of the typically developing group (see Fig. 4 ). However, it is still very encouraging that participation in the PEERS intervention resulted in neural asymmetry patterns in ASD that no longer significantly differed from a typically developing group. It will be crucial to examine this pattern at a longterm follow-up to determine if change in this index is stable and continues to approximate the pattern seen here in typically developing adolescents, especially as adolescents with ASD might continue to make social and behavioral gains in their friendship skills and contacts. In sum, this finding represents the first evidence of neural change in ASD due to social skills/relationship intervention, as compared to pretest measures, that approximates patterns in typical development. It may be that adolescence is another window for neural and behavioral plasticity in ASD, and that effective interventions should be targeted to this dynamic developmental window. accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
Journal of
30
A recent study (Dawson et al. 2012 ) examined neural activity in toddlers with ASD who participated in the Early Start Denver Model (ESDM: Dawson et al. 2010) intervention. Toddlers with ASD were compared on EEG activation to a group of typically developing toddlers and a group of toddlers with ASD who received treatment as usual in the community. The study found that toddlers who received ESDM treatment "normalized" in their degree of theta and alpha EEG activation to repeated still images of faces. EEG was measured only at post-test, so it is impossible to know to what degree the children with ASD shifted in these indices from pre-intervention levels. In addition, gamma activity was filtered out of the data, and asymmetry was not calculated, so it is unknown whether differences similar to those observed in the present investigation might also have been noted. This is unfortunate considering a recent report that gamma activity in the first 3 years of life is significantly predictive of enhancements in and development of language, cognition, and shifting attention (Benasich et al. 2008) , and other reports that gamma reflects long-range neural synchronization and connectivity (Engel et al. 2001; Varela et al. 2001) , all of which have been noted to be negatively affected in ASD (Mundy et al. 1990; Wing 1981; Just et al. 2012) . Regardless, the present study, in addition to Dawson et al. (2012) and several others (Bolte et al. 2006; Faja et al. 2012; Russo et al. 2010) , provides mounting evidence that neural activity in ASD is responsive to socialbehavioral intervention across the lifespan.
Several important points regarding these findings should be considered. First, an intriguing issue is the consistency of gamma asymmetry differences relating to differences in social behavior. Prior work on asymmetry in ASD and other populations has focused on the alpha band asymmetry (cf., Davidson et al. 1990; Kylliäinen et al. 2012; Miskovic et al. 2010 ). To our knowledge, this study is the first to examine gamma band asymmetry, and, thus, the results here would benefit from replication before being extensively interpreted. However, recent work suggests that gamma and alpha are coupled, and that decreases in alpha may be related to increases in gamma bursts (Osipova et al. 2008) . Similarly, additional studies have found that fMRI BOLD activation is correlated positively with gamma (Fiebach et al. 2006; Foucher et al. 2003) and negatively with alpha band power (Scheeringa et al. 2011) . EEG gamma findings, thus, may have closer concordance with fMRI activation than other frequency bands, which accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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may be helpful for synthesizing results across neuroimaging techniques and studies. Additionally, it is interesting that power in the gamma band is noted to support or reflect higher-order cognitive functions (Herrmann et al. 2004; Lutz et al. 2004) , including stimulus binding (Frey et al. 2009; Ribary 2005 ) and coordination of the activity of inter-hemispheric neural areas via white matter tracts (Buzsáki and Wang 2012; Csicsvari et al. 2003; Rodriguez et al. 1999; Singer 1999) . Perhaps, then, social-learning and positive social-environmental enrichment, gained via development of friendships, might propel dynamic neural changes in higher-order cognitive function and white matter development, and that this effect might be specific to the left hemisphere. This type of intervention benefit, if replicated via more indepth imaging studies, will be particularly important for developmental stages in which neural areas are already expected to develop and may be affected by experience, such as in adolescence (Gogtay et al. 2004; Barnea-Goraly et al. 2005) .
Another point to consider is to more carefully examine elements of interventions and their link to topics related to known functions of neural systems. A large body of literature has established that one characteristic of an "adaptive path" for the brain is exhibited in lefthemisphere dominant asymmetry (Fox et al. 2001; Lopez-Duran et al. 2012; Miskovic et al. 2010; Mitchell and Pössel 2011; Smith and Bell 2010) . Individuals who exhibit this neural pattern are characterized by more positive emotion and a style of approaching and interacting socially with the world (Davidson et al. 1990; Davidson 1998; Sutton and Davidson 1997) . Table 2 details the topics covered in PEERS sessions. This material is reproduced from the PEERS manual (Laugeson and Frankel 2010a, b) , but a novel element added here is the third column, detailing which aspects of the PEERS sessions directly or indirectly facilitate social approach. The primary focus of PEERS is for adolescents to make and keep friends; a large portion of this goal inherently involves approaching others. Thus, it is noteworthy that the adolescents with ASD, who completed PEERS, also showed a shift to more left-hemisphere dominant neural asymmetry, more closely approximating the pattern seen in typically developing adolescents. It may be that teaching high-functioning adolescents the unwritten rules of social interaction, via an intervention such as PEERS, provides them with the tools necessary to approach others and thereby enrich their own social environments, similar to the increased accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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focus on peers seen in typically developing adolescents. Relatedly, it may be important to consider the effect gaining a network of peers has on the development of high-functioning adolescents with ASD, given that adolescence is a developmental period in which the bulk of social learning opportunities typically shifts from parents to peers (Steinberg and Morris 2001) . Increased social peer contacts may result in longterm changes in learning opportunities, past the termination of treatment. Thus, it may be important not to underestimate the effect of peers on the development of social behavior in adolescents with ASD. Given the deleterious effects of social isolation and loneliness on health and well-being (Cacioppo and Hawkley 2009; Hawkley and Cacioppo 2010; Holt-Lunstad et al. 2010; Uchino et al. 1996) , it seems important that these areas receive continued attention from researchers and interventionists.
A third and last point concerns heterogeneity and comorbidity in ASD. A well-documented phenomenon, especially in high-functioning samples, is that of high rates of depression, withdrawal, anxiety, and negative affect or mood in ASD (Kim et al. 2000; Meyer et al. 2006; Schwartz et al. 2009 ). Given the links of depression/negative mood with right-hemisphere dominance (Pizzagalli et al. 2005; Sutton and Davidson 1997 ), it will be important for future treatment research to examine whether these co-occurring negative mood states are a cardinal aspect of the autism taxon, or are a true, separable, additional challenge experienced by many individuals on the autism spectrum. The Modifier Model of Autism (Mundy et al. 2007 ) presents a theoretical framework that may be helpful in this regard. The model posits that initial causal processes (ICP) of autism interact with potential modifier processes (MP) to influence the development and expression of characteristics of persons affected by autism spectrum disorders. Importantly, modifier processes, such as temperament/personality, cognitive style, and approach orientation, produce individual differences in well-being outcomes experienced by all people (Mundy et al. 2007 ). These modifiers may also affect the phenotypic presentation and course of ASD, especially in highfunctioning individuals (Burnette et al. 2011; Meyer et al. 2006; Mundy et al. 2007; Sutton et al. 2005 ). Thus, it will be important to consider that treatments for ASD affecting these modifier processes may enhance well-being and adjustment via meeting psychological accessed by following the link in the citation at the bottom of the page. Autism and Developmental Disorders, Vol 45, No. 2 (February 2015) : pg. 316-335. DOI. This article is © Springer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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needs, such as remediation of isolation, that are important for all people.
Although this study provides new information on neural plasticity in response to treatment in adolescents with ASD, there are several important limitations that deserve mention. First, and foremost, it is likely too early to judge whether a change to leftdominant asymmetry is ultimately a completely positive outcome for this population, as the literature in this area is somewhat mixed. For example, one study found that individuals with high-functioning ASD and relatively intact left-hemisphere dominance also reported more awareness of social limitations and difficulty (Sutton et al. 2005) . Studies have also linked left-anterior dominance with symptoms of anxious apprehension in typically developing adults (Heller et al. 1997; Mathersul et al. 2008 ). Thus, it will be important to conduct long-term follow-up studies to determine both whether the shifts in asymmetry are stable, and if so, the implications of this shift for adjustment and positive mood in ASD. Related to this point, the current study would also have benefited from measures of adolescent mood, approach orientation, and ecologically valid in vivo social skills at pre-and posttest. It may be that adolescents with ASD who are motivated to learn how to make friends, one of the entrance criteria for this study, are different in baseline approach orientation from other groups of adolescents with ASD. Also, the two groups of adolescents with ASD in this study, although not statistically different on age (and results were not affected by covarying age out of the analyses), did vary somewhat in that the average age of the experimental group was somewhat older than the waitlist control group. However, given that most evidence for anatomical neural growth and plasticity emphasizes that more robust changes occur earlier in adolescence versus later (Thompson et al. 2000) , it is doubtful that the changes in this domain in the slightly older experimental group would be due to age. Additionally, as this study focused on baseline activity, it will be valuable for future studies to examine EEG plasticity due to intervention during stimuli presentation, tasks, and evoked gamma procedures. Lastly, pre-post ratings of autism symptoms from unbiased observers would also have been helpful in eliminating any potential caregiver reporting bias in the experimental group. Future studies and replication efforts will need to address these issues before further conclusions can be drawn.
Even when considering the limitations of this study, however, the findings suggest several interesting future directions. First, it will be important for future work to examine statistical directionality of neural changes due to intervention, i.e., do neural asymmetry shifts occur first and drive behavioral change, or vice versa, or perhaps are these shifts truly concurrent? Studies that have more frequent measures of neural activity over the course of intervention will be helpful for this purpose. Another intriguing area to investigate is functional neural directionality. We previously reported preliminary data suggesting that right-to left-frontal and right-to left-parietal interhemispheric EEG coherence, a measure of connectivity, increased in a separate sample of adolescents who participated in PEERS (Vaughan Van Hecke et al. 2012) . If a shift to left-dominant asymmetry occurs due to intervention in this population, then, it will be important to investigate how this change is accomplished (e.g., one possibility might be via the anterior and posterior corpus callosum white matter tracts that connect the right and left hemispheres: Lewis et al. 2012) . Imaging of structural white matter integrity and connectivity, and functional neural connectivity (e.g., EEG coherence), before and after intervention may shed light on these questions. Further, imaging studies of potential changes in the activation of deeper cortical and subcortical structures, including the limbic system and measures of subcortical regulation of approach or withdrawal/flight states (e.g., Koslov et al. 2011 ) may also highlight whether plasticity of emotion circuitry and autonomic regulation contribute to intervention outcomes in ASD.
Recent recommendations (Davidson 2012; McPartland and Pelphrey 2012) suggest that, in the coming years, an increasing emphasis should be placed on verifying whether and how effective treatments for psychological disorders affect neural structure and function. The current study comprises an important first effort at identifying whether effective therapies for adolescents with ASD affect functional neural asymmetry. Adolescents who completed the PEERS friendship-development intervention showed a shift from right-to lefthemisphere dominant EEG asymmetry, and a greater magnitude of left-dominant asymmetry related to fewer symptoms of autism, more social contacts, and more knowledge of intervention concepts. After completing the PEERS intervention, patterns of left-hemisphere dominant neural asymmetry in adolescents with ASD no longer and permission has been granted for this version to appear in e-Publications@Marquette. Springer does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Springer.
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significantly differed from a typically developing comparison group. Thus, it may be that adolescent neural function in ASD is experienceexpectant, and responds to the development of friendships and the remediation of social isolation during this critical developmental period.
